We used the synthetic progestin R5020 (17a,21-dimethyl-19-norpregna-4,9-diene-3,20-dione) to characterize cytoplasmic progesterone receptors in baboon (Pupio sp.) aorta and myocardium. The relative ability of selected steroids to inhibit binding of radiolabeled R5020 to aortic cytoplasmic progesterone receptors was radioinert R5020, 1.0; progesterone, 0.31; triamcinolone acetonide, 0.06; testosterone, 0.002; estradiol-17/?, 0.01; and cortisol, 0.001. The relative ability of these same steroids to inhibit binding of radiolabeled R5020 to myocardial cytoplasmic progesterone receptors was, respectively, 1.0, 0.58, 0.21, 0.01, 0.01, and 0.001. Both aortic and myocardial cytoplasmic progesterone receptors migrated as macromolecules with a sedimentation coefficient of 8-9S on low ionic strength linear sucrose gradients. Cytoplasmic binding of R5020 was inactivated by incubation at 37°C. Saturation analysis at 2°C showed aorta and myocardium, respectively, contained 41.6 ± 16.1 (mean ± SD) and 14.0 ± 2.8 fmol R5020 binding sites/mg cytosol protein.
SUMMARY. We used the synthetic progestin R5020 (17a,21-dimethyl-19-norpregna-4,9-diene-3,20-dione) to characterize cytoplasmic progesterone receptors in baboon (Pupio sp.) aorta and myocardium. The relative ability of selected steroids to inhibit binding of radiolabeled R5020 to aortic cytoplasmic progesterone receptors was radioinert R5020, 1.0; progesterone, 0.31; triamcinolone acetonide, 0.06; testosterone, 0.002; estradiol-17/?, 0.01; and cortisol, 0.001. The relative ability of these same steroids to inhibit binding of radiolabeled R5020 to myocardial cytoplasmic progesterone receptors was, respectively, 1.0, 0.58, 0.21, 0.01, 0.01, and 0.001. Both aortic and myocardial cytoplasmic progesterone receptors migrated as macromolecules with a sedimentation coefficient of 8-9S on low ionic strength linear sucrose gradients. Cytoplasmic binding of R5020 was inactivated by incubation at 37°C. Saturation analysis at 2°C showed aorta and myocardium, respectively, contained 41.6 ± 16.1 (mean ± SD) and 14.0 ± 2.8 fmol R5020 binding sites/mg cytosol protein.
The dissociation constant for R5020 was 2.8 ± 1.2 nrn, aorta, and 2.0 ± 1.1 nM, myocardium. The presence of progesterone receptors in baboon cardiovascular tissues suggests that progestins may directly influence cardiovascular tissue function. (Cite Res 50: [610] [611] [612] [613] [614] [615] [616] 1982) COMPARED to age-matched females, white males have a higher incidence of coronary heart disease and an increased incidence and severity of coronary atherosclerosis (reviewed in McGill and Stern, 1979) . Oral contraceptive use may increase the risk of thrombosis, stroke, or myocardial infarction in the absence of acknowledged modifying factors and markedly increases risk in the presence of modifying factors (reviewed in McGill and Stern, 1979; Ory, 1979) . These actions of oral contraceptives appear to reflect effects of both the estrogen (McGill and Stern, 1979; Ory, 1979) and progestin (Meade et al., 1980) components. Both myocardial infarction and cerebrovascular disease among oral contraceptive users appear to occur principally in the absence of increased atherosclerosis (McGill and Stern, 1979) . These clinical and epidemiological observations suggest direct effects of steroid hormones on cardiovascular tissues.
Autoradiographic studies were used to demonstrate limited capacity nuclear localization of radioisotope in atrial myocardial nuclei and in pulmonary artery and aortic media of the rat following injection of tritiated estradiol-17/? (Stumpf et al., 1977) . Injection of tritiated 5a-dihydrotestosterone resulted in limited capacity localization of radioisotope in smooth muscle cell nuclei of the anterior and middle cerebral arteries of the rat . Recent biochemical studies support the contention that autoradiographic data reflect intracellular iden-tification of steroid hormone receptors. Krieg et al. (1978 Krieg et al. ( , 1980 have identified a rat myocardial cytoplasmic androphile that has the properties of an androgen receptor. Other investigators have provided evidence for limited capacity, high-affinity estrophiles in extracts prepared from a rabbit aortic endothelial cell line (Colburn and Buonassisi, 1978) , cultured rat aortic smooth muscle cells (Nakao et al., 1981a) . and in cytoplasmic extracts prepared from canine coronary arteries (Harder and Coulson, 1979) . These steroid hormone-binding components are indicated to be physiologically functional by cell culture studies which have shown that estradiol-17/? enhances (Chang et al., 1980) and testosterone inhibits (Nakao et al., 1981b) prostacyclin production by rat aortic smooth muscle cells or that estradiol-17/? decreases collagen production by bovine aortic smooth muscle cells (Beldekas et al., 1981) . Moreover, in vivo studies have identified differential effects of testosterone on the activities of selected lysosomal hydrolases and cytochrome c oxidase in aortas of male and female mice (Goldstone et al., 1981) .
As part of continuing studies to examine the possible role of steroid hormones as regulators of cardiovascular cell function in the nonhuman primate, McGill et al. (1980) documented limited capacity nuclear localization of radioisotope in atrial and ventricular myocardial cell nuclei of the rhesus (Macaca mulatta) and baboon (Papio sp.) following injection of radiolabeled 5a-dihydrotestosterone. In a subsequent study, McGill and Sheridan (1981) confirmed intense nuclear localization in most baboon (Papio sp.) atrial and ventricular myocardial fibers following injection of radiolabeled 5a-dihydrotestosterone and documented limited capacity nuclear localization of radioisotope in smooth muscle cells of the major muscular and elastic arteries following injection of either tritiated 5a-dihydrotestosterone or estradiol-17/?. In previous biochemical studies, we have provided evidence for the presence of cytoplasmic androgen receptors in the aorta (Lin et al., 1981a) and myocardium (Lin et al., 1981b) of the baboon. In the course of those studies, we obtained preliminary evidence for the presence of aortic and myocardial cytoplasmic progesterone receptor-like binding components (Lin et al., 1981a (Lin et al., , 1981b ). In the current study, we report the identification and characterization of baboon myocardial and aortic progesterone receptors.
Methods

Animals
Mature female baboons (Papio sp.) were obtained from the baboon colony at Southwest Foundation for Research and Education. Because these baboons previously had been used for studies in reproductive physiology, they had undergone bilateral oophorectomy 3-6 months prior to autopsy.
Chemicals
[17a-Methyl-3 H 3 ]R5020 (17a,21-dimethyl-19-norpregna-4,9-diene-3,20-dione, specific activity 86 Ci/mmol) and radioinert R5020 were obtained from New England Nuclear Corp. and were used as obtained from the manufacturer. Triamcinolone acetonide and bovine serum albumin (fraction 5) were obtained from Sigma Chemical Co. Other radioinert steroids were obtained from Steraloids, Inc., and purity was established as previously described . Human y-globulin was from Calbiochem-Behring Corp., and Dextran T70 was from Pharmacia Fine Chemicals, Inc. Other materials were the highest quality reagent grade available from the manufacturer. Ail solutions were prepared in water that had been distilled, deionized, and redistilled from glass.
Preparation of Cytoplasmic Extracts and Quantitation of Cytoplasmic Progestaphiles by Saturation Analysis
We sedated the baboons with ketamine (15 mg/kg) and killed them by pneumothorax. The heart and ac;ta were exposed by cutting along the costochondral junctions and removing the sternum and rib fractions. The heart was removed, and right and left ventricles and atria were separated and cut into blocks of 0.8-1.0 g. The aorta was removed and cut into blocks of 0.8-1.0 g. Tissue samples were immediately placed into polypropylene screw top cryotubes (Vangard International, Inc.), frozen by immersion in liquid nitrogen, and transferred, without delay, to a -90°C freezer where they were stored until used. Cytoplasmic extracts were prepared by a slight modification of methods previously described (Lin et al., 1981a (Lin et al., , 1981b . In brief, tissue was thawed on ice and subsequent procedures were performed at 2°C. Tissue minces were homogenized in a Duall (Kontes) glass-glass homogenizer in 4-5 volumes of buffer T50E0.1D10G2 [50 mM Tris-CI, 0.1 mM EDTA, 10 min dithiothreitol, 2% glycerol (vol/vol), pH 7.4] and the cytoplasmic extract was prepared by centrifugation at 100 K g for 15 minutes. The clarified supernatant (cytosol) was separated from pelleted and lipid-like material and immediately made 20 mM in sodium molybdate.
Incubation was performed at 2°C for 6 hours in a final volume of 220 fi\ of buffer T50E0.1D10G2 containing 100 /il cytosol and radiolabeled R5020 (0.5 to 10 niu), prepared in buffer T50E0.1D10G2 containing bovine serum albumin (BSA, 1 mg/ml) to minimize adsorption of R5020 to the glass surface. Nonspecific binding was determined in a parallel series of identical incubations that additionally contained 1.0 JUM radioinert R5020. (Radioinert R5020 was prepared in buffer T50E0.1D10G2 containing 1 mg/ml BSA.) Separation of bound and free radioligand was by the dextran-y-globulin coated charcoal (DGCC) procedure previously used by us (Lin et al., 1981a (Lin et al., , 1981b , with the exception that EtOH was eliminated. After correction for nonspecific binding, as previously described (Boesel et al., 1977) , data were analyzed by the method of Scatchard (1949) .
Characterization of the Specificity of Steroid Binding by Baboon Myocardial and Aortic Cytoplasmic Progestaphiles
The conditions of incubation and determination of bound radiosteroid were as described in the preceding section. The single concentration assay previously used by us (Lin et al., 1981a (Lin et al., , 1981b was employed in survey determinations to assess qualitatively the relative steroid specificity. We performed quantitative determinations of relative steroid specificity by incubating a fixed concentration of radiolabeled R5020 with increasing concentrations of radioinert inhibitor (Lin et al., 1981a (Lin et al., , 1981b . The procedure is based on the original protocols reported by Liao et al. (1973) .
Other Methods
Sucrose density gradient centrifugation was performed on linear 10-30% gradients in the Sorvall vertical tube rotor (TV 865) using conditions previously described (Lin et al., 1981a (Lin et al., , 1981b . Protein was determined by the procedure of Lowry et al. (1951) , using bovine serum albumin as standard. Sample preparation for quantitation of radioisotope was as previously described (Lin et al., 1981a (Lin et al., , 1981b . Tritium was quantitated in a Beckman 7500 scintillation spectrometer, and most samples were counted to a precision of 2% (at the 95% confidence level).
Results
Characterization of the Relative Steroid Specificity of Baboon Myocardial and Aortic Cytoplasmic Progestaphiles
After comparing the binding of progesterone and the synthetic progestin (R5020) to cytoplasmic progestaphiles, we chose R5020 as the probe for characterization because of its higher affinity (relative to progesterone) for the progestaphile and the absence of saturable R5020 binding to baboon plasma proteins (data not shown). Single concentration survey determinations to examine the ability of a variety of steroids to inhibit R5020 binding to baboon myocardial or aortic cytoplasmic progestaphiles showed (Table 1) that progesterone and triamcinolone acetonide (TA) were effective inhibitors, whereas 5a-dihydrotestosterone, testosterone, estradiol-17/?, and cortisol were relatively ineffective inhibitors of R.5020 binding to baboon myocardial or aortic cytoplasmic progestaphiles.
We then used multiple concentration inhibition studies to obtain a quantitative measure of the relative ability of selected sterqids to inhibit R5020 binding to baboon myocardial or aortic cytoplasmic progestaphiles. The relative binding affinity (RBA) of selected steroids for the baboon myocardial cytoplasmic progestaphiles was (Fig. 1, upper Liao et al. (1973) for which the ordinate, 1/Y, is defined as the ratio of the specific binding of radiolabeled probe (4 nM R5020) in the absence and presence of radioinert competitor.
Circulation Research/Vo/. 50, No. 5, May 1982 progesterone, 58.2%; TA, 21.4%; testosterone, 1.0%; estradiol-17/?, 1.2%; and cortisol, less than 0.1%. The relative binding affinity of selected steroids for the baboon aortic cytoplasmic progestaphiles was (Fig. 1 , lower panels) R5020, 100%; progesterone, 31.3%; TA, 5.6%; testosterone, 0.2%; estradiol-17/?, 1.4% and cortisol, 0.1%; and is similar to that for baboon myocardium.
Effect of Time of Incubation on Radiolabeled R5020 Binding to Baboon Myocardial or Aortic Cytoplasmic Extracts
Because progestins undergo facile dissociation and reassociation with progesterone receptor during incubation at 2°C to 4°C Clark, 1977, 1978; Powell et al., 1979) , it was necessary to determine the effect of incubation interval with DGCC on measured bound R5020. At 2 minutes (the shortest interval examined),post-addition of DGCC to baboon aortic cytoplasmic extracts, maximum adsorption of unbound R5020 and R5020 bound to rapidly dissociated binding components had occurred (Fig. 2) . The remaining R5020 appeared to be associated with highaffinity binding sites as it was dissociated at the rate of about 20% per hour. Comparable determinations using myocardial cytoplasmic extracts revealed (Fig.  2) that a rapid phase of DGCC-mediated dissociation of R5020 occurred during the initial 5 minutes of incubation. The remaining myocardial progestaphiles underwent DGCC-mediated dissociation at the rate of approximately 20% per hour. Because DGCC-mediated dissociation of R5020 from baboon myocardial or aortic cytoplasmic progestaphiles was comparable during 5-to 60-minute incubation, we chose a 10minute incubation interval with DGCC for removal of unbound and rapidly dissociated R5020. Subsequent time course determinations showed that maximum binding of R5020 to baboon myocardial or aortic cytoplasmic progestaphiles occurred during 4-6 hours of incubation at 2°C and was maintained through at least 26 hours of incubation (Fig. 3) . When we added a 100-fold excess of radioinert R5020 (final concentration 400 nM) to baboon aortic cytosol that had been incubated with 4 nM radiolabeled R5020 for 6 hours at 2°C and continued incubation at 2°C, we observed rapid displacement of radiolabeled R5020 from the aortic cytoplasmic progestaphiles (Fig.  3B ). This exchange of radioinert and radiolabeled R5020 occurred with a ti/2 of approximately 60 minutes. The displacement of radiolabeled R5020 from myocardial cytoplasmic progestaphiles by radioinert R5020 occurred with a ti/2 of approximately 6 hours (Fig. 3A) . During 1-hour incubation at 37°C in the absence of radiolabeled probe and sodium molybdate, R5020-binding activity of myocardial cytosol was decreased to 39.0 ± 2.5% (mean ± SD, n = 3) of control, whereas that of aortic cytosol was decreased to 62.9 ± 19% (n = 6) of control.
Sucrose Density Gradient Characterization of Baboon Myocardial or Aortic Cytoplasmic R5020 Progestaphiles
Sucrose density gradient analysis showed that baboon myocardial cytosol contained a broad, major peak of R5020 binding with a sedimentation coefficient of 4-5S and a minor, more rapidly migrating peak with a sedimentation coefficient of 8-9S (Fig. 4,  lower panels) . Competition experiments showed that the 8-9S binding of R5020 was effectively eliminated while 4-5S binding essentially was unaffected by 100fold excess radioinert R5020. Similarly, progesterone and TA were highly effective inhibitors of 8-9S binding of R5020 and caused essentially no significant displacement of 4-5S binding of R5020. Testosterone showed the expected (see Fig. 1 ) limited degree of inhibition of 8-9S binding and was an ineffective inhibitor of 4-5S binding (Fig. 4, lower panels) .
Sucrose density gradient analysis (Fig. 4 , upper panels) also showed that baboon aortic cytosol contained two peaks of R5020 binding, one sedimenting at 4-5S and the other sedimenting at 8-9S, which were qualitatively comparable to those seen in myocardial cytosols. Competition experiments showed that aortic cytoplasmic 8-9S binding of R5020 was effectively eliminated, while 4-5S binding appeared to be modestly decreased by a 100-fold excess of radioinert R5020. Progesterone and TA were highly effective inhibitors of aortic 8-9S binding of R5020 and caused a reduction in 4-5S radiolabeled R5020 binding comparable to that of radioinert R5020 (Fig.  4, upper panels) . Testosterone showed the expected (see Fig. 1 ) modest inhibition of 8-9S R5020 binding and was an ineffective inhibitor of R5020 4-5S binding. Inhibition studies with testosterone ( Fig. 4 , upper panels) strongly indicated that the major portion of the apparent inhibition of 4-5S binding of radiolabeled R5020 by radioinert R5020, progesterone or TA
Gradient Effluent (ml) FIGURE 4. Sucrose density gradient profiles of baboon myocardial (lower panels) or aortic (upper panels) cytoplasmic extracts labeled by incubation at 2° C for 2 hours with 3 H-R5020 (4 nM) or with 3 H-R5020 (4 nM) plus radioinert competitor (400 nM). Incubates were treated with DCCC before application to linear sucrose gradients (10 to 30% sucrose) that were developed by centrifugation at 370,000g (TV865 rotor) at 2°C for 2 hours. Sedimentation is from left to right. The sedimentation coefficient of human y-globulin is 75. Other conditions are as described in Figure 3 is due to inhibition of 8-9S binding which overlapped the leading edge of the 4-5S binding peak.
Quantitation of Baboon Myocardial or Aortic Cytoplasmic Progestaphiles by Saturation Analysis at2°C
Typical saturation data are presented as observed binding and the resultant Scatchard plot, and demonstrate that R5020 is binding to limited capacity, high-affinity binding sites in baboon myocardium that are saturable at 3-5 n\i ligand (Fig. 5, lower  panels) . The data also document the high level of nonspecific binding of R5020 characteristic of baboon myocardium. Data for baboon aortic cytoplasmic extracts ( Fig. 5, upper panels) show comparable saturation of aortic cytoplasmic progesterone receptors. The concentration of myocardial cytoplasmic R5020-binding sites was 14.0 ± 2.8 (mean ± SD, n = 4) fmole/mg cytosol protein (443 ± 25 fmol/mg DNA) and the dissociation constant was 2.00 ± 1.11 nM (mean ± SD, n = 4). The concentration of aortic cytoplasmic R5020 binding sites was 41.6 ± 16.1 (mean ± SD, n = 4) fmol/mg cytosol protein (1185 ± 449 fmol/mg DNA) and the dissociation constant was 2.79 ± 1.18 nM (mean ± SD, n = 4). When identical assay methods were used to survey for progesterone receptors in baboon plasma or tissues, we found that plasma and thigh muscle did not contain saturable R5020-binding components, whereas preliminary studies identified saturable R5020-binding components (approximately 4 fmol/mg protein) in kidney cytosol.
Discussion
We have used the synthetic progestin R5020 to characterize baboon cytoplasmic aortic and myocardial progestaphiles. These progestaphiles are cytoplasmic progesterone receptors as established by the following evidence: (1) relative steroid specificity (Table 1 ; Fig. 1 ) which shows that only progestins are effective inhibitors of R5020 binding, whereas androgens, estradiol-17/?, and cortisol are ineffective inhib*itors;
(2) sedimentation properties on linear sucrose density gradients which identify the R5020-binding component as a macromolecule with a sedimentation coefficient of 8-9S (Fig. 4); (3) the properties of limited capacity, high-affinity ( Fig. 5 ), readily exchangeable ( Fig. 3) binding; and (4) temperature instability.
Sensitivity of our current assay for baboon aortic or myocardial cytoplasmic progesterone receptors is limited by the high degree of nonspecific binding (Figs. 4 and 5) characteristic of these preparations. This nonspecific binding probably is due to plasma proteins present in the myocardial and aortic cytoplasmic extract. In our experience, R5020 binding by baboon plasma is linearly related to the concentration of R5020 for the range of at least 0.5-20 nM and is not dissociated during 10-minute incubation with DGCC at 2°C. The level of nonspecific R5020 binding in baboon myocardial or aortic extracts is markedly greater than that characteristic of human malignant tissues (Horwitz and McGuire, 1975; Seematter et al., 1978; Powell et al., 1979) or canine uterus (Lessey and Gorell, 1980) . Despite this high level of interference, the relative ability of progesterone or TA to inhibit R5020 binding to baboon myocardial or aortic progesterone receptors is comparable to that reported for human breast (McGuire et al., 1977) or canine uterine cytosols (Lessey and Gorell, 1980) . Since R5020 readily exchanges with steroid occupied progesterone receptor sites of baboon aorta or myocardium (Fig. 3) , the site concentration determined in these studies, 14.0 (myocardium) and 41.6 (aorta) fmol/mg cytosol protein, probably represents total cytoplasmic progesterone receptor content of these tissues. However, since these tissues were obtained from females at 3-6 months post-oophorectomy, the current determinations may poorly reflect the normal condition. Aortic or myocardial progesterone receptor content in oophorectomized baboons is 10-to 20-fold less than that of the unstimulated uterus and 40-to 100-fold less than that of the estrogen stimulated uterus (Milgrom et al., 1972; Freifeld et al., 1974; Leavitt et al., 1974; Walters and Clark, 1977) . However, the fact that baboon plasma and thigh muscle are devoid of progesterone receptors, whereas baboon kidney contains a level of progesterone receptor comparable to that of Syrian hamster kidney prior to estrogen treatment Li, 1978, 1981) , implies that the baboon progestaphiles are tissue-specific progesterone receptors. It also is notable that baboon aortic or myocardial progesterone receptor content is comparable to that of kidney of estrogen-treated Syrian hamsters Li, 1978, 1981) .
Two previous studies dealing with progesterone receptors of reproductive organs of the hamster (Allen and Leavitt, 1981) or beagle (Lessey and Gorell, 1980) reported surveys of other tissues for the presence of progesterone receptors. Neither group was able to identify progesterone receptors in the heart of the species examined. Notably, the assay procedures (Lessey and Gorell, 1980; Allen and Leavitt, 1981) and the probe employed (Allen and Leavitt, 1981) differed from those which we used.
A limited but significant body of data establishes the presence of androgen receptors (Kreig et al., 1978 (Kreig et al., , 1980 McGill et al., 1980; Sheridan and Buchanan, 1980; McGill and Sheridan, 1981; Lin et al., 1981a Lin et al., , 1981b estrogen receptors (Stumpf et al., 1977; Colburn and Buonassisi, 1978; Harder and Coulson, 1979; McGill and Sheridan, 1981; Nakao et al., 1981a) and progesterone receptors (this report) in cardiovascular tissues of vertebrates. Recent studies also establish the ability of androgens (Nakao et al., 1981b; Goldstone et al., 1981) and estrogens (Chang et al., 1980; Beldekas et al., 1981) to modulate specific functions of aortic smooth muscle cells. Although a correlation between steroid hormone receptors and hormonal modulation of cell function in cardiovascular tissue has not yet been reported, it seems reasonable to assume that such studies will be attempted.
